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01 Some 5G numbers

v 670% Global Mobile Traffic growth from 2016 to 2021

v' Significant increas@smes
2017-2022 400
v i -

Impressive user-cre 350

HD Camera

IP Video
2 UHD Cameras

UHD Streaming
VR

UHD IP Video
8K Wall TV

HD VR

N Future UHD VR

Application requirements in Mbps
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B Mobile (46% CAGR)
B Fixed/Wi-Fi from Wi-Fi-Only Devices (18% CAGR)
B Fixed/Wi-Fi frorm Mobile Devices {53% CAGR)

B Fixed/Wired (15% CAGR)

Jseable data created per year

Jata center traffic per year

Today
Opportunity for
Edge or fog
computing

v
Future

2017 2018 2019 2020 2021

idex, 2016-2021.
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FR1 410 MHz — 7125 MHz
FR2 24250 MHz — 52600 MHz
DUT Direct . Near Field to Far Near field without .
Antenna | Far Field Indirect Far field transform Transform Reverberation DUT Ant
i Field (IFF) Chamber (RC) L) Description
Configuration (DFF) (NFTF) (NFWOTF) Configuration P
1 Yes Yes Yes Yes Yes n . :
5 Yes Yes Yo Yos Yos 1 Maxnmurp one antenna panel with D <5 cm active at
3 Not yet Yes Not yet Not yet Not yet Gy O Wi
" . 2 More than one antenna panel D <5 cm without phase
Approved in RAN4  Approved in RAN4 Not approved in RAN4 . Z°herﬁnce be;""ee: pa:e's active Tt any one t';“e
[3GPPTR 38.810  [3GPP TR 38.810 [3GPP TR 38.810] yet Ny phase conerent antenna panet of any size {e.g.
v2.0.0] v2.1.0] for variety of reasons sparse array)

OTA

Conducted rerrrs

Spurious/
MIMO)

Conducted testing / 7/ OTA measurements in Far Field "

Re-use LTE UE 7125 24 25 GHz * Note: Alternative near field methods
Testing methodology gH are not precluded

¥ D lin =
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DUT Antenna
Configuration 1

Applicability to single
aperture,D =5cm

Quiet Zone diameter = 15cm

+ A DUT with single radiating
aperture
* The aperture has max
dimension of D =5 cm
= The aperture can be placed
anywhere within the QZ
+ In this situation, the following
requirement on test zone
quality applies:
» A magnitude requirement on
test zone quality is sufficient.

DUT Antenna
Configuration 2

Applicability to multiple

non-coherent apertures, D =5 cm

-,

Quiet Zone diameter = 15cm

» A DUT with multiple non-

coherent radiating apertures

= Each aperture has max
dimension of D=5cm

= Each aperture has its own
independent receiver chain

= Apertures can be placed
anywhere within the QZ

* In this situation, the following

requirement on test zone

quality applies:

« A magnitude requirement on
test zone quality is sufficient.

www.emite-ing.com

DUT Antenna
Configuration 3

Applicability to single
aperture,D =15 cm

-
-t

Quiet Zone diameter = 15¢cm

« A DUT with a single coherent
radiating aperture
+ The aperture has max
dimension of D =15 cm
= The aperture can be placed
anywhere within the QZ
« In this situation, the following
requirement on test zone
quality applies:
» A magnitude and phase
requirement on test zone
quality is sufficient.

¥ 2 lin &=




Wise Waves

Measurements \
= Made Simple
e ‘

-‘“

02 5G OTA Test Methods

* Direct far field (DFF) method:

—A classical OTA system with measurement and link
antenna(s) placed displaced by 2D2/A from the center of the QZ.

Nearfield
Measurement Antenna

! Farfield Link
! Antenna

gNB/eNB
Emulator

Low Noise Spectrum
Amplifier Analyzer

* Indirect far field (IFF) method:

—It creates the far field environment using a transformation with a
parabolic reflector (CATR) or two-dimensional antenna array (PWC).

www.emite-ing.com

for centre and off G

of beam measurements

Jnﬁ"{ ;
IR
[T 1)

nk Antenna for

beam steering

Signal
Generator /
Power
Meter

Positioner
controller

PC
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* Near field to far field transform (NFTF) method:

—Method that is using a mathematical transform to determine EIRP in
the far field from a near-field pattern scan.

* Near-field without near-field to far-field transform
(NFWOTF) method:

an measurements performed in the radiative near
ield without the use of a near-field to far-field transform.
* Reverberation Chamber (RC) method:

—A typical reverberation chamber with a link antenna positioning
system for initial beam steering purposes.

www.emite-ing.com
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White Box vs Black Box Testing

* For the “white box” approach, the exact antenna locations
need to be known, likely via a manufacturer declaration:
/Al centred at centre ":rjr
— The active antenna array needs to be aligned with the center of the quiet / ofquietzone
zone which likely yields complex execution of test cases.
— An MU element for “Offset DUT phase center from center of QZ” will not “' ‘ :

need to be added for the DUT stage but a MU element for UE re-positioning
needs to be added.

Selected in RAN4

* For the "black box” approach, the exact antenna locations do
not need to be known:

— The UE is positioned with a common reference point similar to existing SISO
OTA test cases.

Execution of test cases have relatively low complexity (repositioning will not

be necessary).
) . DUT centred at
An MU element for “Offset DUT phase center from center of QZ” will need “._ centre of quiet zone

to be added for the DUT stage of the MU budget which depends on size of
QZ, and range length.

www.emite-ing.com ¥ @ jin
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Far-Field OTA methods

 DFF may be impractical due to the required far-field range R, specially
when assuming that the size of the radiating elements matches the

device size (“black box” approach):

JI—

R [m]
Dlem] " 524 25GH2] @43.5GHz
2 0.1 0.1
5 04 0.7
10 1.6 2.9
15 3.6 6.5
20 6.5 11.6
30 14.6 26.1
40 25.9 46.4
50 404 12.6

2D?

R> —

A

—-‘

* Note that in most cases it is expected that the radiating performance of array

antennas will be limited to the region around the antenna.

* Thus, the “black box” approach supposes an over estimate for the vast
majority of antenna arrays (other than sparse antenna arrays).

www.emite-ing.com
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02 5G OTA Test Methods Far-Field OTA methods

* Indirect far field (IFF) method:

« Compact Antenna Test Range (CATR):
« The fed spherical wave is transformed in plane wave within the

restedauietzone Q2x — TYYYYVVYVYVVVYVVVVY

Plane wave front
]

\

-+ CATR reflector
Test Y - i \

antenna

il
-

S180.0S0Y

r‘l‘,-"'.- __,-"-J--

Feed J

at focal point

www.emite-ing.com
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A
G OTA Test Methods Near-Field OTA methods

* At near-field distances (as with a NFWOTF setup), the
beamformed antenna pattern will not be equivalent to
what the user will see in the far field.

* Nulls are not so deep.
» Pattern is smoother (less sharp).

F —q
Near Far
Field Field

www.emite-ing.com
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02 5G OTA Test Methods Near-Field OTA methods

« NFTF method may be an alternative, but:
e |t requires h|gh resolution scans Required Angular Resolution for Near-Field to Far-Field Conversion

across the majority of the pattern 16\
to accurately predict the far field: < \
» Maximum Radial Extent: r = = : 1: \
ular Resulution: 2 ° \\
E ¢
= E = il = T = E
A¢ M kr+N 2Ty s = 4
I
< 2 |
— ol degrees S S—
— Tr
27TZ+N ° ST/A = MaximurioRadial Extent (Wa:\L/seIengths) @ ®

E g - N = 10 Source: J. Hald, J. E. Hansen, F. Jensen,and F. Holm Larsen, Spherical Near-Field Antenna Measurements, ser. IEE

[ ]
electromagnetic waves series, J. Hansen, Ed. Peter Peregrinus Ltd., 1998, vol. 26, edited by J.E. Hansen.

* It becomes problematic for active device testing.

N www.emite-ing.com
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02 5G OTA Test Methods

Reverberation OTA methods

-BAND 7+BAND 7 CH=[2950+3148] BW=[20+20] Overall Reg

BAND 7+BAND 7 CH=[2950+3148] BW=[20+20] SCC Reg

BAND 1+BAND 20+BAND 7+BAND 3 CH=[300+6300+3100+1575] BW=[20+20+20+20] Overall Reg|
BAND 1+BAND 20+BAND 7+BAND 3 CH=[300+6300+3100+1575] BW=[20+20+20+20] PCC Reg
BAND 1+BAND 20+BAND 7+BAND 3 CH=[300+6300+3100+1575] BW=[20+20+20+20] SCC Reg

BAND 1+BAND 20+BAND 7+BAND 3 CH=[: 100+1575] BW-=! )] SCC2 Reg

BAND 1+BAND 20+BAND 7+BAND 3 CH=[300+6300+3100+1575] BW=[20+20+20+20] SCC3 Reg /

/

/

10
3D-averaged KPIs =
- TPUT -
El TRUT -
M2TxDT UMa curves ot
100,05 ——DUT1 Band 7 TM2 ——DUT1 Band 7 TM3 ——DUT1 Band 20 TM3 o o
e —8—DUT1Band 20TM2  =#&=DUT2 Band 7 TM2 ~#—DUT2 Band 7 TM3 —— TPUT-
90,0% —8=DUT2 Band 20 TM3  =@=DUT2 Band 20 TM2
5 27
80,0% E g
= E 4
70,0% & 5
= [=
60,0% E
50,0%
40,0%
1
30,0%
20,0% P
10,0%

0,0% RS_EPRE (dBm/15kHz)

-100 -99 -98 -97 -96 -95 -94 -93 -92 -91

Beam Spectral Efficiency vs Attenuation

-90 -89 -88 -87 -86 -85

/ /

-110 -100 -90 -80
Averaged Channel Power (dBm/15KHz)

50000

-84 -83

-82 -81

45000

40000

35000

30000

Throughput (kbps)
] o)
[=] %)
g8 8
o [=]

Beam Spectral Efficiency (bit/s/Hz)

15000

3 [ Beam MAX Spectral
Beam state #1 Spectral Efficiency.
Beam state #2 Spectral Efficiency
2l ===m Beam state #3 Spectral Eficiency

Efficiency

10000

Beam state #4 Spectral Efficiency
----- Beam state #5 Spectral Efficiency.
Beam state #6 Spectral Efficiency.

5000

Beam state #7 Spectral Efficiency
Beam AVG Spectral Efficiency Spectral Efficiency
=== Beam MIN spectral Efficiency Spectral Efficiency

[ s 10 15 20 25
Attenuation (d8)

—+—0Original drive test 1 TPUT results - DUT A

n —#-VDT OTA Test 1 TPUT results for drive test 1 - DUT A
, \ ~#-VDT OTA Test 2 TPUT results for drive test 1 - DUT A
J \ ——VDT OTA Test 1 TPUT results for drive test 1 - DUT B
X

VDT-OTA State
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Reverberation OTA methods

Large Quiet Zones

www.emite-ing.com
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FR1+FR2

=N IE

8x8 MiMO Analyzer

Series E600
600 MHz to 6 GHz

www.emite-ing.com
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02 5G OTA Test Methods Reverberation OTA methods
FR1+FR2

LoS Path Loss (dB)

Frequency (GHz)

BT www.emitedng.com
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Hybrid OTA methods

Series Hybrid AC/RC 200MHz to 110GHz

\ he Best of Both Worlds - 5G
F

Anechoic Reverberation
v 3GPP-standardized I v Fast & Repetitive
v'SubéGHz & mmWave | v End-to-End
v Directional KPIs ‘ vIsotropic KPls
v Climatic enclosure —e el
v Simultaneous

CATR + SNF + DFF

v’ One portable chamber
v All 5G frequencies N
v/ All 5G OTA Test Methods &

v Dul Chmohc Enclosu:e

EMITE, more than just chambers

www.emite-ing.com

100 MWJOURNAL.COM FEBRUARY 2019

www.ermite-ing.com




B
Measurements
Made Simple u

03 Challenges for 5G OTA testing
trum
. Fully-integrated Antenna Arrays
c. DUT Form Factor
d. Spatial Agility
e. Climatic Conditions
f. Channel Modeling
04 Conclusions

. www.emite-ing.com




Wise Waves \ Rxemite

Measurements ]
Made Simple \

g

Frequency Spectrum

Mapping KPIs to FR2

 TRP - EIRP, TRP, Spherical Coverage/EIRP CDF:

« UE Maximum Output Power Tests are performed in the TX Beam
Peak direction:
* EIRP will have a minimum requirement for power class.

P-:‘EIRP has a maximum requirement (from regulatory requirementsf_""
« TRP is TBD.

* The spherical coverage test will determine EIRPs in 3D to create
a CDF curve:
* A 50%-tile requirement for EIRP CDF is TBD.

* TIS/TRS - EIS:

« REFSENS tests will be performed in the RX Beam Peak
direction.

N www.emite-ing.com
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Frequency Spectrum
Mapping KPIs to FR2 Beam Peak
' Direction
Initial test
. Key Performance Adused  poin fj B
. ] test point W & test point
Indicators (KPIs): ' S %
- EIRP @ TX Beam Peak yBest Beart

) , Beam
Direction e EIRPpea &

X Beam Peak .-"

=

Dlrectlon RP A

. ‘\\ _‘B,ES{”’
* Spherical Coverage/CDF Adusted " g %Beam

test point

“CDF Sy
of EIRPs . . ,\ Bt
' Initial test 4 e JBeam pe
s K, e Tl Adjusted
0.5 . point W Y/ ﬂ test point
EIRP Adjusted Initial test
— //.Z, Pesk test point points
EIRP [dBm]
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03 Challenges for 5G OTA Testing Frequency Spectrum

Applicability Criteria

« Each permitted method had to provide an applicability
statement:

DFF

IFF no yes yes yes yes yes yes
NFTF yes yes yes no no yes no
NFWOTEF® yes partial T yes no no yes no
RC” yes no yes no no yes no

* Not a permitted method yet
T EIRP can be used only for TRP fallback (RSE)

www.emite-ing.com
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03 Challenges for 5G OTA Testing

Measurement Uncertainty (MU)*

Qemrl'e

g

Frequency Spectrum

EIRP Expanded uncertainty (1.960 - confidence interval of 95 %) [dB] [6.20]

[5.99]

[5.92]

[5.93]

[6.76]

TRP Expanded uncertainty (1.960 - confidence interval of 95 %) [dB]

EIS Expanded uncertainty (1.960 - confidence interval of 95 %) [dB]

Fading at mm-Waves
Differenty antenna sizes
KPI mapping

3D channels

v
v
v
v
v

Band combinations

* RANS agreed to continue the MU analyses

www.emite-ing.com
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03 Challenges for 5G OTA Testing Fully-integrated Antenna Arrays

2G/3G/4G Antl 2G/3G/4G Ant2 2G/3G/4G Antl 2G/3G/4GAnt2  2G/3G Ant

(I‘—n—-] L v’ F‘u J L \
~ R L
MERENBERD E NN N “)
EEER EEEN
EEmEN |EEREn
PCB PCB PCB
>.II.l EEEN
MLELR N EEEm
EIIII EEEn
EEEnN EEEN
Battery Battery Battery
jeunn EEEn 20 GHz 28 GHz 38 GHz 50 GHz B0 GHz
umnnm EEEN 10
<C}
0-.-. |EEsEn
ZEE RN EEEn P
|
EEEm EEEm
JERE R mEEEN 'E
<lummm sEmw =
T N EmEN ‘—g—'
o B B . c ]
Pr— 1 . ] L | | e—— @
4 h- 1 -
2G/3G/4G Ant3 2G/3G/4G Ant4 2G/3G/4G Ant3 2G/3G/4G Antd L‘:';,_ﬁ
2 5
4
] . 4
v" Phase calibration =
(I8
v' Coupling 5 3
. Il 2
v' Heating .

D_ﬁ%

2 5 10 15 20 2§
N = armay size (NxN)
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c. DUT Form Factor
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* Comparing 2 GHz vs 60 GHz...

150 mm wavelength becomes 5 mm.

* Individual antenna size is much
smaller in mmWave.

\"l' ‘;J.‘- it |
’/ y g RN 5
O E
S A P 1
' Source: IBM and Eri 0

v' Black box testing

v' Cooling
v"  Relative size to wavelength

www.emite-ing.com



S
Wise Vil _Em|+e
Measurements &
Made Simple

Index

03 Challenges for 5G OTA testing

d. Spatial Agility

e. Climatic Conditions

f. Channel Modeling
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'i ¥~_One beam for
b 2 one stream
N\

i

[Tk
INADE

-—y

1]
/S =

AWV

VAN

W,

A
[[[17]

Beam tracking delays

Beam assignment
Beam refinement

Non-optimum condition
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Climatic Conditions

hTC 5G Hub

RH Sensor

LG V50 ThinQ

LG 5G A0EE
o[z Xgfiq
(Vapor Chamber)

~N

v' Heat dissipation

v" Humidity control

. www.emite-ing.com v = in
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f. Channel Modeling
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03 Challenges for 5G OTA Testing Channel Modeling

Anechaoic PGt parth 30 geometn
Chamber erpanre] it ddesacee

B - P
7

Chamber i |
Probes '
:l..’ () i)

e 1.5

=
&
%) H
=]
=]
-

* By Spirent
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03 Challenges for 5G OTA Testing y
Channel Modeling
mMIMO RRU (sector)
EMITE Test System F200-B.2 M elements g
2-axis Positioning System Reference Antenng | amesaic i
Channel Emulator Dual-Polarized UE array Turntable =
AC Controller O Digital Channels Nx2 elements USB
betn _ - .
- usB RJ45
= Control PC & GUI
g ASYCONT 300-8
[LLL - = ;
>
= e
" i %
e e GPIB / RI45
8 M .
“m Floor slide Link Antenna
UE Emulator < Variable R >

F200a—-5.1m (L) x4.2m (W) x 3.1m (H)

B www.emite-ing.com
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03 Challenges for 5G OTA Testing Channel Modeling

/ gNodeB RRU
, 2-axis Positioning System /
Channel Emulator [ Reference Antenna
| Dual-Polarized UE array )
‘// / Nx2 elements '(‘ [ / Turntable

AC Controller

EMITE F200 AC/RC

BBU
+
Power Supply

GPIB / RIS

EMITE E600 RC
\o”

VNA

S

'- I‘| P
o

Channel
Emulator

GPIB / RJ45

====N]
\\'\\ I“II
.

\ Floor slide
Variable R

7.1m (L)x4.2m (W) x 3.1m (H)

i i Ethernet

Client PC Server PC
& App & GUI

Link Antenna

Ethernet!l |
|
|

B www.emite-ing.com
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J J Channel Modeling

L _ E2ELatency Measurement . ' \ Vreion

, = Anechoic Chamber

— MHztoAOGHz

A Il a1 R 5G SA OTA testing with fading

} | 0 N Worldwide-first

L ‘ |

. www.emite-ing.com




Wise Waves

Measurements

Made Simple §

03 Challenges for 5G OTA Testing

Throughput Measurement
T T T T

Channel Modeling

RF Latency Measuremen t

i

——

200

w0

B

www.emite-ing.com




Wise Waves

Measurements
Made Simple Y\

a. Frequency. Spe

04 Conclusions

B www.emite-ing.com




Wise Waves

Measurements ‘
Made Simple '}

04 Conclusions

v' 5G brings unheard-off benefits and challenges
v Complex test set-ups, even for single-user test cases
v' Additional UE requirements: Cooling, FR1+FR2, relative size to A

v' Hybridization of OTA Test methods

p@{i gures of Merit Real-Time Downlink Throughput
Standardization behind schedule 4174.06 Mbps

Frequency:3550.1MHz + 3650.1MHz, Band:n78 + n78

Carriers:2 CC, Total Aggregated BW:100MHz + 100MHz
ZSGQAM_, 30KHz SCS, 4X4 MIMO, UDC:17D-3F

v' 5G network deployment is here

v' Aot of work to be done, with literally no time

MediaTek helio M70
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